Objectives: Aristotle score methodology defines surgical performance as 'complexity score times hospital survival'. We analysed how this performance evolved over time and in correlation with case volume. Methods: Aristotle basic and comprehensive complexity scores and corresponding basic and comprehensive surgical performances were determined for primary (main) procedures carried out from 2006 to 2009. Surgical case volume performance described as unit performance was estimated as 'surgical performance times the number of primary procedures'. Results: Basic and comprehensive complexity scores for the whole cohort of procedures (n = 1828) were 7. (2009). No significant change of performance was observed for low comprehensive complexity levels 1-3. Variation concerned level 4 ( p = 0.048) which involved the majority of procedures (746, or 41% of cases) and level 6 ( p < 0.0001) which included a few cases (20, or 1%), whereas for level 5, statistical significance was almost attained: p = 0.079. With a mean annual number of procedures of 457, mean basic and comprehensive unit performance was estimated at 3447 AE 362 and 4405 AE 577, respectively. Basic unit performance increased year to year from 3036 (2006, 100%) to 3254 (2007, 107.2%), then 3720 (2008, 122.5%), up to 3793 (2009, 124.9%). Comprehensive unit performance also increased: from 3891 (2006, 100%) to 4038 (2007, 103.8%), 4528 (2008, 116.4%) and 5172 (2009, 132.9%). Conclusions: Aristotle scoring of surgical performance allows quality assessment of surgical management of congenital heart disease over time. The newly defined unit performance appears to well reflect the trend of activity and efficiency of a congenital heart surgery department. #
Introduction
Surgical performance is increasingly under public scrutiny. This is particularly the case for repair of congenital heart lesions since the Bristol affair (http://www.bristol-inquiry.org.uk). There is a demand from different partners (patients and their families, referring physicians and decision-taking politicians) to publish and compare outcomes.
To report results of congenital heart surgery in a clear and reproducible way, a consensus risk stratification model, the Aristotle complexity score was developed from 1999 to September 2003 by international expert paediatric cardiac surgeons [1] . This score defines complexity as the sum of (potentials for) mortality, morbidity, and surgical technical difficulty. It recognises two complexity scores: the basic complexity score (1.5-15 points), which is a procedureadjusted complexity, and the comprehensive complexity score (1.5-25 points), which adds patient-adjusted complexity (0-10 points) to procedure-adjusted complexity. The Aristotle methodology categorizes four levels of complexity for basic score and six levels for comprehensive score.
Although both Aristotle basic and comprehensive complexity scores have been demonstrated to predict postoperative mortality and morbidity, [2] [3] [4] the goal of the Aristotle score essentially remains evaluation of performance. Performance is defined as complexity score (constant) multiplied by outcome (variable). Surgical performance relates to early postoperative survival: it is calculated as 'complexity score times hospital survival' [1] . Therefore the Aristotle model includes two types of surgical performance: a basic surgical performance on the one hand, and a comprehensive surgical performance on the other hand.
This study first analyses how both surgical performances evolved over time and in conformity with the number of procedures (case volume). Thereafter, a new performance concept is introduced and evaluated: surgical case volume performance or unit performance.
Methods
All surgical procedures performed in our unit from January 2006 to December 2009 were reviewed and only primary (main) procedures for each hospital stay were retained. According to the Aristotle scoring method, if interventions involved two or more procedures during the same operating time, the procedure having the highest Aristotle basic complexity score was chosen as the primary procedure. The other concomitant procedures were considered 'secondary procedures' or 'associated procedures' [1, 3] . Surgical closure of patent ductus arteriosus in premature newborns and primary extracorporeal membrane oxygenation were excluded.
Aristotle complexity scores were readily available as they are systematically determined since May 2005 for all patients undergoing heart surgery in our unit as part of the validation project of the Aristotle score, using a database supplied by the Aristotle Institute, Denver, CO, USA (http://www.aristotleinstitute.org). Correctness and completeness of data for the four years of this study (2006) (2007) (2008) (2009) : goodness of fit). Means are given with the range and the standard deviation. Comparison of means between two groups was performed with the independent samples t-test, and between more than two groups with one-way analysis of variance (ANOVA). The significance level was set at a p-value of 0.05. Written consent was obtained from all patients undergoing surgery in our unit to use anonymous data for research and teaching purposes, and for statistical analysis (external quality control).
Results

Procedures, outcome
A total of 1828 primary procedures were carried out. As many as 997 (54.5%) took place in patients aged less than 1 year, including 314 (17.2%) neonates. Table 1 lists the 10 mostfrequent operations and Table 2 indicates distribution according to the levels of Aristotle comprehensive complexity. Most procedures (746, 40.8%) were attributed level 4. The great majority (1673: 91.5%) required cardio-pulmonary bypass.
Postoperative mechanical ventilation was not necessary or was limited to the first 24 h in 54.5% (996/1828) of cases. It lasted 1 week or longer after 135 (7.4%) procedures.
Death occurred in 45 cases after surgery: early mortality was of 2.5% (95% confidence interval: 1.8-3.3%). With a p value of 0.34, mortality rates did not vary significantly over the 4 years under study. Mortality increased exponentially from 0% after procedures with level 1 comprehensive complexity, up to 30% for those with level 6 complexity ( Table 2 and Fig. 1 ). Patients stayed at least 1 week at the intensive care unit after 454 procedures: 24.8% (454/1818) of cases. The morbidity index [4] highly correlated with procedures complexity, increasing from 3.9% (comprehensive level 1) to 100% (comprehensive level 6) as indicated by Table 2 
Aristotle complexity scores
Aristotle basic complexity scores for the whole cohort ranged from 3 (n = 134) to 15 (n = 7) with a mean of 
Surgical performance
With an early survival of 97.5% (1783/1828), mean basic and comprehensive surgical performances reached 7.54 AE 2.54 and 9.64 AE 3.81, respectively. As shown in Table  3 , both performances evolved differently over the years. The performance evolved differently over years according to comprehensive complexity levels (see Table 4 ). No significant change was observed for low complexity levels 1-3. Variation concerned level 4 ( p = 0.048) which involved the majority of procedures (746, 41% of cases) and level 6 ( p < 0.0001) which included a few cases (20, 1%), whereas for level 5, statistical significance was almost attained: p = 0.079. Noteworthy is the global lower performance achieved for operations with level 6 complexity (15.47 AE 0.79) compared with performance realised for those interventions with level 5 (15.62 AE 1.33).
Surgical case volume performance or unit performance
With a mean annual number of procedures of 457, and global basic and comprehensive surgical performance of 7.54 AE 2.54 and 9.64 AE 3.81, respectively, mean basic and comprehensive unit performance was calculated to be 3447 AE 362 and 4405 AE 577, respectively. As demonstrated in Table 5 
Discussion
In the original study of Lacour-Gayet et al. [1] introducing the Aristotle complexity score, basic surgical performance ranged from 5.67 to 6.90 with a mean of 6. Table 2 data. Mortality appears to increase exponentially. Pearson correlation coefficient 'r', corresponding p value and goodness of fit 'r 2 ' are displayed. In the corresponding equation, X stays for Aristotle comprehensive complexity score and Y for early postoperative mortality. Fig. 2 . Correlation between mean scores of Aristotle comprehensive complexity levels and index of morbidity, in conformity with Table 2 data. Morbidity appears to increase as sigmoid. Pearson correlation coefficient 'r', corresponding p value and goodness of fit 'r 2 ' are displayed. This study is the first to analyse the evolution over time of performance in congenital heart surgery according to Aristotle score. The mortality rates and the numbers of surgical performance reported in this study are accurate, as our Aristotle scoring has been fully validated. To assess and compare performance, it is of paramount importance that data are accurately and completely collected. In particular, as surgical performance is based on complexity and hospital survival, non-mentioned procedures and 'forgotten' death cases would distort figures of performance and falsify comparison between congenital heart centres. Indeed discrepancy between mortality rates from administrative data (higher), and those from clinical data (lower), has been documented by Welke et al. [8] .
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The results for level 6 complexity procedures should be accepted with caution as they constitute a group of rare interventions in our practice: only 1%. As a matter of fact the level 6 procedures are expected to be performed in an unusual manner: to reach this level of complexity, a basic score above 10 points is required, and patient-adjusted complexity ought to be significant. This study confirms the high morbidity and mortality associated with a comprehensive Aristotle score beyond 20 [4, 9, 10] . It moreover shows the impact of high complexity operations (levels 4-6) on the evolution of global surgical performance. The latter could be increased in this series in the year 2009 by improving the mortality rate in these groups of higher complexity interventions.
It is not clear why basic and comprehensive surgical performances evolved differently. The correct assignment of basic scores to some procedures has been questioned [3] . The Aristotle score is currently under review to adjust complexity scores to observed mortality [11] and morbidity rates. The few available literature sources state that postoperative mortality correlates more positively with the Aristotle comprehensive complexity score than with the basic score [4] . In the present study, with a Pearson coefficient r equal to 1, correlation was perfect (Fig. 1) . Hence it may be postulated that the evolution of comprehensive surgical performance in this series reflects reality to a greater extent.
The surgical case volume performance or unit performance proposed here is directly proportional to Aristotle surgical performance and to the number of primary procedures carried out in a given interval. This is a new concept, which integrates quality and quantity. It appears to well match the trend of activity and efficiency of a congenital heart surgery institution. In our experience both basic and comprehensive unit performances evolved similarly, increasing over years. Unit performance may exhibit different evolution patterns in other centres. Such may be the case in our department in the future, in particular if human and material resources are modified. Unit performance could be used not only to monitor volume and quality of congenital heart surgery over time, but also to determine the minimal requirements for an efficient paediatric cardiac programme. In this era of health-care planning, regionalisation and concentration is under way for institutions presenting higher case volumes. Indeed, while a department managing a small number of procedures can achieve excellent results, centres dealing with a higher volume of cases perform usually better for lesions with a higher complexity [12] [13] [14] . Results from small units often bear large confidence intervals. The centralization of complex cases would also incite large units to further improve their performance. The European Congenital Heart Surgeons Association stated that an optimal structure in Europe should operate on over 250 patients per year [15] . For a mean basic surgical performance of 6.3, [1] this surgical activity would correspond to a basic unit performance of 1575, which might be contemplated as a minimal requirement.
Surgical performance should not be measured by crude figures of postoperative mortality. Complexity of performed procedures should be considered. Aristotle scoring of surgical performance allows classification of congenital heart surgery units according to the complexity of surgical procedures that are carried out. Quality of surgical management can be assessed and, as shown in this study, effectively monitored over time. The introduction of surgical case volume performance or unit performance further estimates the activity and efficiency of congenital heart surgery programmes. Comprehensive surgical performance and unit performance seem to be more appropriate for quality control. However, the comprehensive scoring, contrary to the basic scoring, is not straightforward: it requires a thorough determination of procedure-dependent and procedure-independent factors [1] . Hence, basic performances will continue to be routinely used. Checking the basic surgical and unit performance at regular intervals will allow monitoring of the activity and efficiency of the surgical team, and thus effectively control changes in practice and quality of congenital heart surgery. Estimation of comprehensive performances should be carried out further by some pilot centres, as a reference.
